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1. Abstract 
Background: Marital status is one of the most frequently replicated predictors of 
suicide.  The purpose of this study was to examine the effect of marital status on 
the risk of suicide by gender, using a large population-based cohort in Japan. 
Methods: The Miyagi cohort study was a population-based, prospective cohort 
study of Japanese adults aged between 40 and 64 years.  Between June and 
August 1990, 47,604 participants resident in 14 municipalities of Miyagi 
Prefecture, Japan, completed a questionnaire on various health-related lifestyles, 
including marital status.  During 18 years of follow-up, 146 of the participants 
committed suicide.  We used the Cox proportional hazards regression model to 
estimate the hazard ratios (HRs) and 95% confidence intervals (95% CIs) for 
suicide mortality according to marital status with adjustment for potential 
confounders. 
Results: A total of 106 and 40 deaths from suicide were recorded during 344,813 
and 365,524 person-years of follow-up among 20,671 men and 21,076 women, 
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respectively.  We found that marital status was significantly associated with the 
risk of completing suicide only in men.  Among men, after multivariate 
adjustment, HRs in reference to married were: widowed or divorced, 2.86 (95% CI: 
1.43-5.70); unmarried, 1.57 (95% CI: 0.67-3.64).  A significantly increased risk of 
suicidal death was observed among widowed or divorced men, whereas no such 
trend was evident for women. 
Conclusions: Our results suggest that men who are widowed or divorced, or 
unmarried, are at increased risk of suicide, whereas no such risk is evident for 
women. 
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2. Introduction 
Every year, one million people die through suicide, the global suicide mortality 
rate being 16 per 100,000 people1).  Over the last 45 years, the rate of suicide has 
gradually increased by 60% worldwide1).  In Japan, 75% of the total suicide death 
is occupied by 40s to 60s years old people, on the contrary, suicide is one of the 
major causes of death in 20s to 40s.  The annual number of suicides has 
continued to increase; in 2011 there were 30,651 suicide deaths (23.9 per 100,000 
people) 2).  The World Health Organization has reported that the suicide 
mortality rate in Japan is higher than in any other developed country (France, 
16.3 per 100,000 in 2007; Germany, 12.3 per 100,000 in 2010; Canada, 11.3 per 
100,000 in 2004; USA, 11.5 per 100,000 in 2005; UK, 6.9 per 100,000 in 2009; Italy, 
6.5 per 100,000 in 2008)3).  It has been emphasized that the Asian Financial 
Crisis of 1997-1998 had a great impact on the economy of Japan, leading to a 
sharp rise in the suicide rate.  Since then, the suicide rate has not improved, 
even after the macroeconomic recovery, and the annual number of suicide deaths 
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has remained at approximately 30,000 since 19984).  In order to develop effective 
strategies for suicide prevention in Japan, there is an urgent need to investigate 
the factors associated with an increased risk of suicide. 
Previous studies have identified, various sociodemographic and clinical 
variables as risk factors of suicide, and among these factors gender, marital status 
and living arrangements appear to be the most important factors5).  So far, six 
studies have examined the association between marital status and suicide risk, 
using a population-based study design (Table 1)6)-11).  All of these studies found 
that individuals who were widowed, divorced, or living alone were at higher risk 
of suicide6)-11).  Two of these studies revealed that individuals who lived alone 
had a higher suicide risk than individuals who lived with someone7), 10), and one of 
these two studies showed that men were more likely to complete suicide than 
women living under the same the conditions7). 
In Japan, there has been a gradual change in family structure, with a shift 
toward nuclear families consisting of only parents and children2).  At the same 
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time, there has been a tendency for the marriage rate to decrease gradually, 
together with an increase in the divorce rate.  National figures for Japan have 
shown an increase in the divorce rate from 1.22% to 1.99% and a decrease in the 
marriage rate from 6.7% to 5.5%, resulting in an increase in the number of people 
who are living alone from 19.8% to 32.4% between 1980 and 20102).  In 2010, the 
proportion of elderly people more than 60 years old living alone accounted for 
11.9% of men and 18.3% of women12).  These data indicate that the proportion of 
individuals who are widowed, divorced, or unmarried is increasing, and it seems 
that this trend will continue in the future.  Living alone is associated with a high 
risk of social isolation, and this in turn may lead to suicide. 
A study conducted in Japan to investigate the association between marital 
status and suicide found that among 15,597 individuals over a 14-year periods, 48 
suicide deaths (29 men and 19 women) occurred9).  Among the study subjects, 
men who were living alone, widowed or divorced had a higher risk of suicide than 
women living under the same conditions.  The multivariate relative risk (RR) for 
8 
 
living alone was 4.7 (95% CI: 1.4-15.9) among men, whereas that for widowed or 
divorced men was 2.9 (95% CI: 0.9-10.0).  However, this previous study did not 
have a large sample size and did not control for potential confounding factors, 
such as alcohol consumption, smoking status, education level, and job status.  
Therefore, we tried to examine the association between marital status and the 
risk of completing suicide in a large population-based cohort study in Japan which 
has the highest suicidal rate.  More specifically, we investigated whether 
differences in marital status, such as being widowed, divorced, or unmarried, had 
an impact on suicide risk. 
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3. Methods 
2-1. Study Population and Design 
 This study was based on a prospective cohort study conducted in Miyagi 
Prefecture, northeastern Japan, details of which have been reported previously13).  
In brief, between June and August 1990, we delivered a self-administered 
questionnaire on various health habits to all residents aged 40-64 years (n=51,921 
comprising 25,279 men and 26,642 women) living in 14 municipalities of Miyagi 
Prefecture.  The questionnaires were delivered to and collected from individuals’ 
residences by each municipal government, and 47,604 of them were confirmed to 
be eligible as participants (response rate: 91.7%; 22,835 men and 24,769 women).  
Because all residents in the study area had been entered as cohort subjects and 
because the rate of response to the questionnaires was very high, we considered 
our subjects to be sufficiently representative of the area.  The study protocol was 
approved by the institutional review board of Tohoku University School of 
Medicine.  We also considered that the return of administered questionnaires 
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signed by the participants implied their consent to participate in the study. 
For the present analysis, we excluded individuals who had entered 
incomplete responses for marital status (n=5,857, comprising 2,164 men and 
3,693 women), and also eliminated one participant who had moved from the study 
area when we started the prospective data collection.  With these exceptions, 
41,747 participants (20,671 men and 21,076 women) remained eligible for our 
analysis. 
2-2. Exposure Assessment 
Baseline data for all participants were collected using a questionnaire that 
included items inquiring about marital status, consumption of alcohol and tobacco, 
body weight and height, job status, level of education, time spent walking per day, 
self-reported stress, sleep duration, and medical history.  With regard to current 
marital status, each participant was asked “What is your marital status?”  The 
response choices were “married”, “widowed or divorced”, and “unmarried.” 
2-3. Follow-up and Identification of Suicide 
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In order to follow up the participants for mortality and migration, we 
established a Follow-up Committee14), which consisted of the Miyagi Cancer 
Society, the Community Health Divisions of all 14 municipalities, the Department 
of Health and Welfare of Miyagi Prefectural Government, the Division of 
Epidemiology, and Tohoku University Graduate School of Medicine.  The 
Committee periodically reviewed the Residential Registration Record of each 
municipality.  Through this review, we identified participants who had either 
died or emigrated during the follow-up period and discontinued follow-up of those 
who had emigrated from the study area because the Committee were unable to 
review the Residential Registration Record outside the study area. 
 For decedents, we investigated the causes of death by reviewing the death 
certificates with permission from the Ministry of Health, Labour and Welfare, 
Japan.  The end point was suicide mortality.  The cause of death was classified 
according to the International Classification of Diseases (ICD), 9th revision, 
between June 1 1990 and December 31 199815), and 10th revision, between 
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January 1 1999 and December 31 200816).  Death by suicide was identified as 
ICD-9: E950-E959, or ICD-10: X60-X84. 
Because of the fact that registration of deaths is required under the 
Family Registration Law and that death certificates must be completed by a 
licensed physician in Japan, death certificates confirmed all deaths that occurred 
in the study area.  The verdict of suicide is based on the results of the 
medico-legal examination by a licensed physician and police examination as 
required by Japanese law.  Thus, the data are considered to be reliable in terms 
of quality and completeness. 
2-4. Statistical Analyses 
We calculated the person-years of follow-up for each participant from 
beginning of the follow-up until the date of death, the date of emigration from the 
study districts, or the end of the follow-up period, whichever occurred first.  We 
performed the Cox proportional hazard regression analysis to estimate the hazard 
ratios (HRs) and 95% confidence intervals (95% CIs) for suicide incidence 
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according to marital status as the reference group, after adjustment for potential 
confounders.  All statistical analyses were performed using the SAS statistical 
software package, version9.3 (SAS Institute, Inc., Cary, NC, USA). 
We considered the following variables to be potential confounders: age in 
years (continuous variable), alcohol consumption (never drank alcohol, drank in 
the past, or currently drinking consuming <45.6g alcohol/day, currently drinking 
consuming ≧45.6g alcohol/day), smoking status (never smoked, smoked in the 
past, currently smoking less than 20 cigarettes per day, or 20 cigarettes per day or 
more), body mass index (BMI) in kg/m2 (continuous variable), job status 
(employed or unemployed), education level (high school or less, or 
college/university or higher), time spent walking (less than 1 hour per day, or 1 
hour per day or more), self-reported stress (high, average, or low), sleep duration 
(less than 7 hours per day, or 7 hours per day or more), history of stroke, 
hypertension, myocardial infarction, diabetes mellitus, or cancer (presence or 
absence), and total calorie intake (continuous variables). 
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In addition, we repeated the analyses after excluding all deaths that 
occurred within the first three years of follow-up because subjects who died during 
this period might have been in poor health at the baseline.  Interactions between 
marital status and all confounders were tested through the addition of 
cross-product terms to the model. 
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4. Results 
The 41,747 participants included 20,671 men and 21,076 women.  Mean 
age was 51.6 years (SD=7.64) for men and 52.1 years (SD=7.47) for women.  
Among men during 344,813 person-years of follow-up, 106 deaths due to suicide 
were detected, whereas among women during 365,524 person-years of follow-up, 
40 deaths due to suicide were recorded.  We examined marital status in relation 
to suicide risk factors at the baseline among men and women separately. 
Table 2 compares the baseline characteristics of the participants according 
to marital status and gender.  Among men, 92.5% were married, 3.7% were 
widowed or divorced, and 3.7% were unmarried.  Those who were widowed or 
divorced tended to be aged, current smokers, and had a lower education level, a 
shorter sleep duration, and hypertension.  Those who were unmarried men 
tended to be never drinkers, never smokers, and to be unemployed.  Among 
women, 87.2% were married, 10.3% were widowed or divorced, and 2.5% were 
unmarried.  Those who were widowed or divorced tended to be current drinkers, 
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and to have a lower education level and hypertension.  Those who were 
unmarried tended to be employed, and to have a higher education level and a 
longer sleep duration.  In both genders, individuals who were married tended to 
have a much higher daily total caloric intake than those who were widowed or 
divorced.  In terms of body mass index, there were no large differences among 
the three categories of marital status; there were also no considerable differences 
in history of major diseases, except for hypertension. 
Table 3 shows the association between marital status and the risk of 
suicide by gender.  Among men, we found that those who were widowed or 
divorced tended to have higher suicide risks than those who were married.  We 
initially calculated HRs for suicide risk with no adjustment at the baseline in 
model 1, and adjusted for only age at the baseline in model 2.  We further 
adjusted for smoking status, alcohol consumption, body mass index, employment 
status, education, time spent walking, self-reported stress, sleep duration, and 
history of any chronic disease in model 3.  In men, the unadjusted analysis 
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(model 1) showed that the HRs in reference to married were 2.67 (95% CI: 
1.35-5.29) for being widowed or divorced and 1.67 (95% CI: 0.73-3.82) for being 
unmarried.  This finding remained basically unchanged even after adjustment 
for model 2 and model 3.  The multivariate adjusted analysis (model 3) showed 
that the HRs in reference to married was 2.86 (95% CI: 1.43-5.70) for being 
widowed or divorced and 1.57 (95% CI: 0.67-3.64) for being unmarried.  In model 
4, the findings remained basically unchanged even after exclusion of deaths that 
occurred within the first three years of follow-up.  However, the results for 
women were different because the multivariate adjusted analysis (model 3) 
showed that the HRs in reference to married was 0.62 (95% CI: 0.19-2.03) for 
being widowed or divorced, and 1.10 (95% CI: 0.15-8.04) for being unmarried. 
Table 4 shows the results of stratified analysis according to age (52 years 
old or less, over 52 years old), alcohol consumption (never drinking, former and 
current), smoking status (never smoking, former and current), body mass index 
(23 less, 23 or over), job status (employed, unemployed), education (high school or 
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less, college/university or higher), walking duration (at least 30 minutes per day, 
under 30 minutes per day), self-reported stress (high, average or low), and sleep 
duration (less than 7 hours per day, 7 hours per day or more).  However, the 
results revealed that the risk of suicide was consistently higher for those who 
were widowed or divorced and tended to be higher for those who were unmarried, 
regardless of the status of each variable.  We observed no significant interaction 
between marital status and other confounding factors for risk on an additive 
scale. 
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5. Discussions 
The results of this population-based prospective cohort study of Japanese 
aged 40-64 years showed that marital status was significantly associated with the 
risk of completing suicide.  Only in men, those who were widowed or divorced has 
a significantly higher risk of suicide than those who were married, and those who 
were unmarried tended to have an increased suicide risk. 
Six previous studies have reported a positive association between marital 
status and the risk of suicide (three studies from the USA, one from Finland, one 
from Denmark, and one from Japan).  In the USA, the three population-based 
studies revealed that being divorced was associated with an increased risk of 
suicide 6), 8), 11), two of these studies found gender differences that divorced men 
had more risk of suicide than divorced women 8), 11).  One of these three studies 
revealed that being unmarried carried a higher suicide risk than being married 
and found gender differences that men showed higher suicide risk than women 
under the same conditions11).  In the Finnish population-based study, it was 
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found that among working-age men living with someone other than a partner and 
among men living alone, suicide mortality was three times higher than among 
married men10).  In addition, the Danish study based on three longitudinal 
registers revealed that older persons who were not married or cohabiting had a 
high mortality due to suicide, and concluded that being single was a significant 
risk factor for suicide in men7).  Likewise, one study in Japan revealed that being 
widowed or divorced was a high risk factor9).  Our present results reflected the 
findings of all these previous studies, especially for men.  We assume that 
cultural backgrounds and differences in daily life roles between men and women 
may be responsible for the increased suicide risk among men who are widowed, 
divorced or unmarried. 
On the basis of these previous studies and our present results, we think 
that suicide risk may be influenced by several factors.  First, epidemiological 
studies have shown that divorced individuals tend to have psychiatric problems17).  
For many people, the loss of social support and family integration through divorce 
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is a stressful life crisis that may lead to severe psychological distress, which could 
place an individual at risk of suicide18).  As clinical depression is often a prelude 
to suicide, poor mental health probably accounts for the higher risk of suicide 
observed among single people19).  Secondly, the presence of a social network is a 
significant factor related to suicide risk, and the quality and strength of such 
networks may differ according to marital status.  People who are married may be 
more integrated into a supportive social network than those who are not, and 
therefore they may not tend to live in isolation20). 
Our present study demonstrated a significantly increased risk of suicide 
death among men who were widowed or divorced, whereas women did not show 
such tendency.  Several factors may contribute to this gender difference.  The 
quality of a social network, i.e. whether it is deemed fulfilling or not, appears to 
differ between genders, and men’s social networks are thought to be relatively 
fragile.  It has been pointed out that men are not socially channeled toward 
nurturing others, and their intimate relationships tend to be less emotionally 
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oriented than those of women21).  Compared with women, men tend not to discuss 
intimate topics with those who are close to them, nor do they seek help from 
people with whom they can talk about their concerns22).  Men are less skilled at 
forming close relationships such as meaningful friendships at a higher level, and 
are less capable of psychologically benefitting from social networks.  Accordingly, 
if a marriage ends in divorce or widowhood, a woman can fall back on her 
friendship network for emotional support, whereas a man find this much more 
difficult.  Under these circumstances, men tend to lose meaningful supportive 
social networks that depend on family integration.  A population-based 
prospective study conducted in Japan has shown that having four or more friends 
was significantly associated with a reduced risk of death from suicide in men23).  
Generally speaking, in Japanese culture, women have more responsibilities with 
housework such as child care, laundry, cooking and house-cleaning than do men24).  
Accordingly, Japanese women would tend to have stronger social relationships 
involving their family and have greater access to various types of social support 
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that would prevent them from committing suicide.  The less meaningful social 
support for Japanese men can be explained by the fact that, culturally, they have 
tended to rely too much on their spouse for child care and housework, and have 
become preoccupied with their work, giving them fewer opportunities and less 
time to create meaningful social networks and to access social support.  For these 
reasons, social networks available to widowed or divorced men are thought to be 
fragile, thus increasing their risk of suicide.  These circumstances may play a 
significant role in accounting for the obvious difference in the rate of suicide 
between men and women. 
In addition to this combination of factors and certain cultural 
considerations, the economic crisis of 1997-1998 in the Asian region cannot be 
ignored as a very important factor of that increased the incidence of suicide; at the 
same time, Japan faced its first rise in the unemployment rate25).  It has been 
reported that low economic status is associated with a high risk of suicide26).  In 
Japan, the annual salary of single-male households is smaller than the national 
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average, and divorced women tend to return to their parents’ home to live3).  This 
means that divorced men might feel less economic insecurity than divorced 
women.  When all of the above factors are judged in combination with the social 
situation, it appears that men in Japan may be socially vulnerable and likely to 
have an increased risk of suicide resulting from deterioration of social networks, 
social support, and economic factors. 
With regard to the relationship between suicide risk and gender from a 
Japanese standpoint, Japanese men face more severe emotional difficulties than 
women, and such difficulties seem to have much to do with the spirit of 
“self-sacrifice”.  This attitude is reflected in two types of abnormal death that 
almost invariably involve men: so-called “kodokusi” and “karoushi.”   
“Kodokushi” is a type of isolation death thought to be caused by poor social 
networks.  A major example of this is when elderly people live alone and do not 
desire contact with neighbors or locals, and furthermore may not ask for help even 
at the last minute27).  In fact, more men die through “kodokushi” than from 
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different forms of suicide.  Similarly having its origins in the spirit of 
self-sacrifice, “karoshi” - or death by overwork - is thought to be related to a lack of 
social support.  Too much overwork can kill employees if their situation is 
combined with high demand, low control, and poor support28), 29).  Another 
troubling form of suicide known as “karo-jisatsu”, a variant of “karoshi,” is suicide 
carried out by an individual in order to escape the suffering imposed by excessive 
overwork (“jisatsu” means suicide in Japanese) 30).  Therefore, deficient social 
support seems to explain why Japanese men become easily exposed to the risk of 
abnormal death.  
The number of suicide in 2012 was less than 30,000 in Japan, and the 
number is decreased from 201131㸧.  We think as there are several factors to 
reduce the number of suicide.  The local governments and private organizations 
have consolidated the system of a telephone or face-to-face counseling and 
implemented measures to guard against isolation.  Cabinet Office has 
implemented efforts to cultivate human resources called “gatekeeper” capable of 
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picking up on the cue of isolation and suicide and taking the appropriate 
responses to it32㸧.  Also, the Cabinet Office has run various workshops and 
training courses for private medical doctors, school personnel, health nurse, care 
manager, case worker, children’s social worker, person in charge of the 
consultation service, and those who are related to this issue in all areas.  As 
examples of the effort of the local governments, some areas in Yokohama City are 
working together cooperatively with utility companies, local public health check, 
and confirm household which needs support33㸧.  They are trying to interfere with 
the household who does not use utilities such as electricity and gas for long period.  
Kitakyushu City is collaboration with Yakult group sales personnel34㸧.  They 
make attempt to figure out those who with isolation signal on at-home sales and 
introduce them to appropriate consultation office.  In general, as a 
countermeasure as isolation, there are increasing number of cases that each 
municipality constructs of a network with its own area and works in collaboration 
to private sector. 
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This study had several methodological advantages as compared with 
previous studies on the relationship between marital status and suicide risk.  
First of all, because of our procedure that yielded a high response rate of 90%, our 
data are fully representative of the study area.  Secondly, the 18-year follow-up 
period was sufficient for clarifying outcomes.  Thirdly, we extensively considered 
potential confounding variables, including socioeconomic, lifestyle, and 
psychological variables.  We also attempted to conduct stratified analyses 
according to potential confounders. 
On the other hand, our study also had some limitations.  First, we had no 
information about other potential confounders, such as the prevalence of 
psychiatric disorders including depression.  Although we might need to assume 
socioeconomic issues represent a critical problem for suicide, we had no 
information about socioeconomic factors such as family income and living 
arrangement.  Secondly, our study subjects were restricted to the middle aged 
population, and thus did not represent a random sample of the Japanese 
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population. Suicide in the younger population was thus neither examined nor 
explained. 
In conclusion, we have found that suicide risk is increased among 
Japanese men who are widowed or divorced.  Our findings raise implications 
regarding the relationship between suicide risk and social bonds such as family 
integration and networking among the Japanese population.  Our results seem 
to reflect the fact, culturally, Japanese men tend to perceive a spouse as being at 
the hub of social networks and support.  Accordingly, marriage offers the best 
protection against suicide because it provides social and community integration, 
thus reducing social isolation.  In order address this situation, it is essential to 
take measures focusing on men who are living alone, and strengthen their social 
networks and available support.  This would help to decrease the rate of suicide 
death among Japanese men and contribute to the planning of effective suicide 
prevention programs. 
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e s
pe
nt
wa
lki
ng
 (<
1h
 pe
r d
ay
, >
1h
 pe
r d
ay
), s
elf
-r
ep
or
te
d s
tre
ss
( m
uc
h, 
av
arr
ag
e, 
litt
le)
, s
lee
p d
ur
ati
on
 (<
7h
 pe
r d
ay
, >
7h
 pe
r d
ay
), p
as
t h
ist
or
ies
 of
 st
ro
ke
, h
yp
er
te
ns
ion
,
my
oc
ard
ial
 in
far
ct
ion
, d
iab
et
es
 m
ell
itu
s, 
ca
nc
er
 (p
re
se
nc
e o
r a
bs
en
ce
)䚸
an
d t
ot
al 
ca
lor
ie 
int
ak
e (
co
nt
inu
ou
s v
ari
ab
les
).
Hig
h (
ca
se
=4
5)
Av
er
ag
e o
r l
ow
 (c
as
e=
99
)
<7
 ho
ur
s/
da
y (
ca
se
=3
6)
≧
7 h
ou
rs/
da
y (
ca
se
=1
06
)
Em
plo
ye
d (
ca
se
=1
16
)
Un
em
plo
ye
d (
ca
se
=1
8)
Hig
h s
ch
oo
l o
r l
es
s (
ca
se
=1
20
)
Co
lle
ge
 / 
un
ive
rsi
ty 
or
 hi
gh
er
 (c
as
e=
26
)
At
 le
as
t 3
0 m
in 
/d
ay
 (c
as
e=
97
)
≧
23
.0 
(ca
se
=7
0)
Ag
e 
cl
as
se
s
Ag
e 
cl
as
se
s
Ag
e 
cl
as
se
s
Ag
e 
cl
as
se
s <5
2 y
ea
rs 
(ca
se
=7
5)
≧
52
ye
ars
 (c
as
e=
71
)
Al
ch
ol
 c
on
su
mp
tio
n
Al
ch
ol
 c
on
su
mp
tio
n
Al
ch
ol
 c
on
su
mp
tio
n
Al
ch
ol
 c
on
su
mp
tio
n
Ne
ve
r (
ca
se
=3
7)
Fo
rm
er
 an
d c
ur
re
nt
 (c
as
e=
99
)
Sm
ok
in
g(
%)
Sm
ok
in
g(
%)
Sm
ok
in
g(
%)
Sm
ok
in
g(
%)
Ne
ve
r (
ca
se
=4
2)
Fo
rm
er
 an
d c
ur
re
nt
 (c
as
e=
95
)
BM
I i
n 
kg
/m
BM
I i
n 
kg
/m
BM
I i
n 
kg
/m
BM
I i
n 
kg
/m
2 222 <2
3.0
 (c
as
e=
76
)
Ch
ara
ct
er
ist
ics
Ma
rit
al 
sta
tu
s
Ma
rri
ed
Wi
do
we
d o
r d
ivo
rc
ed
Un
ma
rri
ed
P 
for
 in
te
rac
tio
n
0.7
4
0.9
7
0.2
5
0.4
2
0.8
5
0.9
7
0.1
0
0.5
4
0.7
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